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Numerical simulation on external counterfort reinforcement structure
for embankment balance weight retaining wall

TANG Lin',ZHANG Junyi*,ZHA Xudong’
(1. Anhui Transportation Holding Group Co., Ltd., Hefei 230088, China;2. School of Traffic and Transportation
Engineering, Changsha University of Science & Technology , Changsha 410114, China)

Abstract: To research the external counterfort reinforcement technology for the existing embankment
balance weight retaining wall, Geostudio and FLAC®® software were applied to establish the retaining
wall slope model of the real project based on the orthogonal experimental design principle and the
single factor sensitivity analysis method. The numerical simulation of the reinforced retaining wall
structure with the external concrete counterfort reinforced by steel tube of waste guardrail post was
carried out.The variation laws were analyzed for the maximum shear stress and maximum tensile stress
of the retaining wall body as well as the safety coefficient of slope stability with change in the design
parameters of the counterfort reinforcement structure. The results showed that the maximum shear stress
and maximum tensile stress of the existing retaining wall exceed the design requirements of mortar
rubble wall body strength under the working condition of extreme rainfall, which is the main reason for
the retaining wall's vertical cracking and local bulging. After counterfort reinforcement, the maximum
shear stress and maximum tensile stress of the retaining wall were significantly reduced, and the safety
factor of slope stability was improved considerably. After optimizing the design parameters such as the
spacing, thickness, and height of the counterfort as well as the length and spacing of the steel tube, all
the checking indexes meet the design requirements. This could be used as a reference for the

reinforcement project of the gravity retaining wall.
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Table 1 Taking values of physical and mechanical parameters
SR JELRES | KR if'k?ﬁl%/ L Vil V\]@?‘? ﬁ‘ﬁ*ﬁ ?EIAFA
m % |(kg'm™)| kPa | f/(°) | fE/MPa| It
+21 1.8 | 6.08 | 1.989 17.8 37.3 11.8 0.35
+)222 3.0 4.00 | 1.950 12.9 37.8 13.3 0.35

+J23 | 19.0 1.28 | 1.899 12.9 38.2 18.2 0.35
+Z4 22| 9.60 | 2.055 37.9 35.8 10.4 0.35

+E5 | 24| 656 | 1998 | 222 | 37.1 11.6 | 0.35
HiFE+ | 5.8 | 17.55 | 2204 | 129 | 293 8.8 | 0.35
i e
- - 2300 - - 17.0x10*| 0.20
Pk
PRBERE | - - 2300 - - |2.8x10*| 0.15
SCAEANAE| - — - - - |2.0x10°| 0.33
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Table 2 Orthogonal simulation schemes and analysis results

S ‘ (LES — ‘ — [EAT ‘
BRI | DL m | 1 | D 5 o | BT | 0910 3 ] BB AP | % 2L

1 4.0 1.5 4.0 5.0 1.3 194.32 69.41 1.756
2 4.0 1.8 4.5 5.5 1.4 171.61 86.76 1.663
3 4.0 2.1 5.0 6.0 1.5 161.84 72.14 1.726
4 4.0 2.4 5.5 6.5 1.6 146.10 70.27 1.716
5 4.0 2.7 6.0 7.0 1.7 146.33 80.71 1.748
6 4.5 1.5 4.5 6.0 1.6 188.28 85.20 1.717
7 4.5 1.8 5.0 6.5 1.7 182.65 87.74 1.775
8 4.5 2.1 5.5 7.0 1.3 173.11 64.19 1.717
9 4.5 2.4 6.0 5.0 1.4 159.82 62.03 1.693
10 4.5 2.7 4.0 5.5 1.5 150.19 77.61 1.751
11 5.0 1.5 5.0 7.0 1.4 208.24 78.97 1.797
12 5.0 1.8 5.5 5.0 L5 191.19 81.13 1.786
13 5.0 2.1 6.0 5.5 1.6 174.22 88.82 1.706
14 5.0 2.4 4.0 6.0 1.7 141.03 104.34 1.737
15 5.0 2.7 4.5 6.5 1.3 145.08 74.64 1.834
16 5.5 1.5 5.5 5.5 1.7 194.63 101.26 1.677
17 5.5 1.8 6.0 6.0 1.3 201.80 82.52 1.719
18 5.5 2.1 4.0 6.5 1.4 160.07 92.36 1.731
19 5.5 2.4 4.5 7.0 L5 151.92 88.07 1.701
20 5.5 2.7 5.0 5.0 1.6 171.11 58.29 1.732
21 6.0 1.5 6.0 6.5 1.5 209.43 93.03 1.708
22 6.0 1.8 4.0 7.0 1.6 174.84 103.33 1.694
23 6.0 2.1 4.5 5.0 1.7 168.05 66.70 1.736
24 6.0 2.4 5.0 5.5 1.3 171.84 81.36 1.631
25 6.0 2.7 5.5 6.0 1.4 155.85 63.42 1.603
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Table 3 Resultsof range and variance analysis

T a, F
2% /kPa F 2 /kPa F W2R F
S 11.96 29 10.23 19 | 0098 | 63
T 45.27 47.7 17.36 40 | 0.038 12
L 15.05 6.2 13.71 26 | 0.034 1.1
H 8.23 13 19.65 48 | 0.067 | 4.0
D 10.69 1.8 13.73 24 | 0.038 1.4
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Table 4 Parameter value levels for single factor analysis

S/m T/m L/m H/m D/m
3.0 1.8 3.5 4.0 1.5
3.5 2.1 4.0 4.5 1.6
4.0% 2.4% 4.5% 5.0% 1.7%
45 2.7 5.0 5.5 1.8
5.0 3.0 5.5 6.0 1.9
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Fig. 12 Example of external counter for treinforcement of

existing retaining wall in Huangqi Expressway
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